QUESTION

Suppose the weak acid HNO, (K, = 4.0x10~*) was added to a

solution of NaNO,. If the concentration of acid were 0.10 M and
the salt concentration was 0.060 M, what would be the [H*]?

Ans=6.7x10*M

Compare this to [H*] of just acid with no conjugate base.




QUESTION

A 0.50 L buffer solution containing 0.42 M NH,Cl and 0.75 M
NH, (K, of NH; = 1.8x107 ) has a pH of 9.51 at 25°C. The
solution receives 0.010 moles of HCI from an outside source.

Assuming no significant change in volume of the solution,
what would be the pH of the solution after the addition of the

HCI at 25°C?




Strong Acid or Base Being Added to a
Buffered Solution

solution pH MO

Step 1
Do stoichiometry calculations to Step 2

determine new concentrations. Do cauilibrinm calcnlations —
Assume reaction with HY/OH™ q 2
goes to completion.

ICF Box ICE Box




How Buffering Works

O added Final pH of buffer

close to original

Added OH ions replaced
by A” ions




Buffering Schematic

Final
OH ™ added [HA]
[A7]

close to

original

The OH added changes
HA to A, but [HA] and
[A7] are large compared
to the [OH ] added.




QUESTION

Calculate the pH change that occurs when 0.010 mol of solid

NaOH is added to 1.0 L of the 0.50 M acetic acid and 0.50 M
sodium acetate? (Ka = 1.8x10-)

Ans = +0.02




QUESTION

Calculate the change in pH that occurs when 0.010 mol of HCI
is added to 1.0L of each of the following solutions:
Solution A: 5.00 M HOAc and 5.00 M NaOAc
Solution B: 0.050 M HOAc and 0.050 NaOAc

Assume no volume changes, Ka = 1.8x10-

AnsA=0
B =-0.18




Table 15.1 Change in
When 0.01 mol H+ is Added to 1.0 L of each

TABLE 15.1 Change in [C,H;0,7]/[HC,H;0,7] for Two Solutions When 0.01 mol
H* Is Added to 1.0 L of Each

( [C,H;0,7] ) ( [C,H;0,7] ) Percent
orig new

Solution [HC,H;0,] [HC,H;0,] Change Change

1.00 M 0.99 M
A LOOM 1.00 1Ol M 0.98 1.00 — 0.98 2.00%

1.00 M 0.99 M
B 00l M 100 002 M 49.5 100 — 49.5 50.5%




Solution A

[H]=1.8x10°M [H1=1.8x10°M

SOUtIOn A, =47 pH = 4.74

SOIUtion B Solution B

[H1=18x10"M
pH=6.74




QUESTION

To culture a certain bacteria a microbiologist would like to
buffer the media at a pH of 3.75. To maximize the efficiency
of the system a 1:1 ratio of acid to salt will be used. Which of
the following acids would make the best choice for the buffer?

Acetic acid; K, = 1.8 x10->
Propanoic acid; K,=1.3 x107
Formic acid; K, = 1.8 x10
Nitrous acid; K, = 4.0 x10~




QUESTION

What mass of NaBrO should be added to 1.0 L 0.050 M HBrO
to form a buffer with a pH of 9.15?7 Assume no volume

changes.
Ka =2.5x10"

Ans=214¢g




QUESTION

What volume of 0.100 M NaOH is needed to neutralize
100 mL of 0.050 M NaH,PO, to get a buftfer of pH 8.00?
(Ka=6.2x10%)

Ans =43 mL




Figure 15.1 The pH Curve for the Titration of
50.0mL of 0.200 M HCI with 0.100 M NaOH |
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Figure 15.2 The pH Curve for the Titration of
100.0 mL of 0.50 M NaOH with 1.0 M HCI |

14.0
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Vol 1.0 M HCI added




Figure 15.3 The pH Curve for the Titration of 50.0 mL of
0.100 M HC,H;0, with 0.100 M Occurs at 50.0 mL of NaOH
Added, Where the Amount of Added OH- Exactly Equals

the Original Amount of Acid

Equivalence

25.0 50.0
Vol NaOH added (mL)




Equivalence Points for the Titrations of f
Weak and Strong Acids

T
a,
Strong acid>/

Vol NaOH




QUESTION

If 50.0 mL of 0.100 M HCN (Ka = 6.2x10-19) is titrated with
0.100 M NaOH, calculate the pH of solution:
a. After 8.00 mL of NaOH have been added.
b. At the half-way point of the titration.
c. At the equivalence point of the titration.

A=849

B=9.21
C=10.96




Treat the Stoichiometry and Equilibrium Problems
Separately for Weak Acid/Strong Base

| OH added
pH | New pH

Stoichiometry Equilibrium
calculation calculation




Figure 15.4 Acid Strength Affects pH at
Equivalence Point

Strong acid
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Vol 0.10 M NaOH added (mL)




Figure 15.5 The pH Curve for the Titration of 100.0

mL of 0.050 M NH, with 0.10 M HCI. Note the pH at

the 6e Equivalence Point is Less than 7, Since the
Solution Contains the Weak Acid NH,*

Equivalence

/ point
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Vol 0.10 M HCI (mL)




Figure 15.6 The Acid and Base Forms
of the Indicator Phenolphthalein
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Figure 15.8 The Useful pH Ranges for Several Common Indicators

Crystal Violet

Cresol Red

Thymol Blue

Erythrosin B

2.4-Dinitrophenol

Bromphenol Blue

Methyl Orange

Bromgcresol Green

Methyl Red

Eriochrome®* Black T

Bromeresol Purple

Alizarin

Bromthymol Blue

Phenol Red

m-Nitrophenol

o-Cresolphthalein

Phenolphthalein

Thymolphthalein

Alizarin Yellow R

* Trudemark CIBA GEIGY CORP.

The pH ranges shown are approximate. Specific transition ranges depend on the indi solvent ch

Useful range: pH = pK,, +/- 1 depending on Acid or Base Titration
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Figure 15.10

The pH Curve for
the Titration of 50
mL of 0.1 M
HC,H;0, with 0.1
M NaOH;
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Table 15.4 Ksp Values at 25°Ce|sius forCommon
lonic solids

TABLE 15.4 K, Values at 25°C for Common lonic Solids
lonic Solid K,, (at 25°C) lonic Solid K,, (at 25°C) lonic Solid K,, (at 25°C)

Fluorides Hg,CrO* 25107 Co(OH), 2.5 X 10716
BaF, 24 %1073 BaCrO, 85 5¢ 10z Ni(OH), 1.6/ 107"
MgF, 6.4 X 1077 Ag,Cr0O, 9.0 X 1072 Zn(OH), 45 % 107"
PbF, 4 x107° PbCrO, 2:¢ 107 Cu(OH), 1.6 X 107"
StF, 79 % 107" Hg(OH), 3105920
CaF, 40 % 107" Carbonates Sn(OH), 3105

NiCO;4 1.4 X 1077 Cr(OH), 6.7 X% 107"

Chlorides CaCO, 8.7 % 107 Al(OH), 2 (b
PbCl, 1.6 X 107° BaCO, 1.6 X 107° Fe(OH)4 X0
AgCl 16 a0 SrCO; 7 e )b Co(OH); 250105
Hg,Cl,* Tl 10518 CuCoO; D35 X ORtY

ZnCO, 2:% 10719 Sulfides

Bromides MnCO; 8851031 MnS 23810512
PbBr, 46 X 107° FeCO;4 2.1 1074 FeS 37 X107
AgBr 50% 107" Ag,CO; 81 % 10712 NiS 31072
Hg,Br,* 13X 102 CdCO; 5125610712 CoS SPC0F2

PbCO; 1.5:%:107"2 ZnS 2.5 1072

Todides MgCO; ISR 028 SnS 1B 1052
Pbl, 14 X 1072 Hg,COs* 9.0 X 1073 Cds 10X 1052
Agl 15X 10°'° PbS R 02
Hg,l,* 4,5 1052 Hydroxides CuS 85X 10°%

Ba(OH), 50 % 107} Ag,S 1.6:X 102

Sulfates Sr(OH), 32 5¢10= HegS 1.6 X 107
CaSO, 6.1 X 1073 Ca(OH), 1351078
Ag,S0, 125610 AgOH 20% 1078 Phosphates
SrS0O, 312 3¢ 107" Mg(OH), 89 x 107" Ag;PO, 1.8 X 107 1%
PbSO, 13 107 Mn(OH), 26 1055 Sr3(PO,), 18X 105
BaSO, 155 % 10+ Cd(OH), 59 x 107" Cay(PO,), 135X 1077

Pb(OH), 152 SG105L Bay(PO,), 6% 1072

Chromates Fe(OH), 1351051 Pby(PO,), il S

SrCro, 3.6 X 1077

*Contains Hg,”* ions. K = [Hg,”"][X"]* for Hg,X, salts, for example.




QUESTION

Calcium phosphate (Ca;(PO,), is only slightly soluble. In
fact, 1t 1s common ingredient in phosphate rock and is a
major source of phosphate fertilizer. If the molar solubility 1s
2x1077, what is the value of the K ?

Ans = 3x10732




QUESTION

Lead (II) 10dide 1s used in some camera batteries. Pbl, has a
K, of 1.4x1075. What is the molar solubility of this
compound?

Ans =1.5x103°* M




‘Table 15.5 Calculated Solubilities for
CuS, Ag,S, and Bi,S; at 25° Celsius

TABLE 15.5 Calculated Solubilities for CuS, Ag,S,
and Bi,S; at 25°C

Calculated
Salt IS Solubility (mol/L)

CuS 85 < 10 92 0
Ag,S 1.6 < 1077 3.4 < 107
Bi,S; 1.1 X 1077 1.0 < 10"




QUESTION

The K, of Ag,CrO, is 9.0 x10~"2. What would be the
solubility of this compound in a solution that was already
0.10 M 1n potassium chromate?

Ans=47x10°M




Determining
Precipitation
Conditions

A solution is prepared by adding
750.0 mL of 4.00x10-*M Ce(NO,),
to 300.0 mL of 2.00x102M KIO;.
Will Ce(10;); (K, = 1.9x10°19)
precipitate?

You Betcha!

What are the [ ]’s of each
ion after precipitation?

Determine initial
concentrations

ITon product is
[Ce™]o (1057’

‘ No Yes
No Precipitation of
precipitation Ce(I03);




QUESTION

To separate a solution containing 0.00010 M silver and 0.10 M lead ions,
as may be done in qualitative analysis separation schemes, a source of I
may be slowly added to the mixture of ions. Which will precipitate first:

Agl (K, =1.5x 1071 or Pbl, (K, = 1.4 x 10-%)? Also, what would be the
concentration of I~ necessary to see that first precipitation?

Ans = Agl; [I7] would be 1.5 x 10-1> M




QUESTION

Calculate the concentrations of Ag*, Ag(S,0;)-, and Ag(S,0,) ,* ina
solution prepared by mixing 150.0 mL of 1.00x10-3 M AgNO, with
200.0 mL of 5.00 M Na,S,0,. The stepwise formation equilibria are:

Agt + S,0 5 Ag(S,0,) K, =7.4x108
S,0> + AgS,0) 5  Ag(S,0,) % K,=3.9x10*

[Ag(S,0;) ,¥]1=4.29x10* M
[Ag(S,0,)] = 3.8x10° M
[Ag*] = 1.8x10-8 M




